Introduction
============

Chronic obstructive pulmonary disease (COPD) is characterized by airflow limitation that is not fully reversible and is strongly associated with long-term tobacco smoking. It is a major cause of morbidity and mortality worldwide and is expected to be a major disease burden in the future.[@b1-copd-12-2711]--[@b4-copd-12-2711] Furthermore, reports from many regions show that its prevalence is increasing.[@b5-copd-12-2711],[@b6-copd-12-2711] In addition to the incidence of the disease, the economic burden of COPD is enormous[@b6-copd-12-2711] and is increasing every year.[@b7-copd-12-2711]

It has been reported that mild to moderate airway obstruction (Global Initiative for Chronic Obstructive Lung Disease \[GOLD\] class 1 and 2) accounts for the majority of the patients with COPD.[@b8-copd-12-2711]--[@b10-copd-12-2711] When untreated, the value of forced expiratory volume in 1 s (FEV~1~) gradually decreases in patients with COPD, particularly in smokers.[@b11-copd-12-2711] Furthermore, the use of long-acting bronchodilators in patients with early COPD has clinical benefits. For example, results of several clinical trials have shown that an early treatment can significantly reduce rate of mortality and delay the decrease in FEV~1~ value in patients with early COPD.[@b12-copd-12-2711]--[@b14-copd-12-2711] The UPLIFT trial showed that GOLD stage II patients with COPD with FEV~1~ value ≥60% can benefit from tiotropium with a decreased risk of exacerbation and mortality.[@b15-copd-12-2711]

Based on the data from fourth Korean National Health and Nutrition Survey (KNHANES) in 2008, COPD was spirometrically detected in 13.4% of Korean subjects aged ≥40 years. A total of 94% of the patients with COPD had mild to moderate disease; however, majority of the patients with early COPD were underdiagnosed and undertreated.[@b16-copd-12-2711],[@b17-copd-12-2711] Other studies have suggested that patients with early COPD, whose pulmonary function tests showed mild to moderate airway obstructions, did not receive adequate long-term treatment compared to those with severe COPD.[@b18-copd-12-2711],[@b19-copd-12-2711] To the best of our knowledge, a study comparing the medical utilization by patients with early COPD screened from the general population with counterparts from the cohort group has not yet been reported. By comparing hospital visits, medical costs per person, and COPD medications between patients with COPD screened from the general population and COPD cohort patients, we evaluated the treatment status of patients with early COPD in Korea.

Materials and methods
=====================

Study participants
------------------

Medical data from 2007 to 2012 obtained from the Korea National Health and Nutrition Examination Survey (KNHANES), presumably the national survey, and Korean COPD Subtype Study (KOCOSS) were compared. KOCOSS is a cohort organized to clarify the clinical phenotype of COPD in Korea. From the KNHANES database, we selected patients aged ≥40 years with results of spirometry test that are compatible with early COPD, that is, FEV~1~ ≥60% and FEV~1~/forced vital capacity (FVC) \<70%. From the KOCOSS cohort, we also selected patients with COPD with FEV~1~ ≥60%. Patients registered in the KOCOSS were recruited from 45 tertiary referral hospitals in Korea and were required to visit the hospital to document their COPD status using self-administered questionnaires at least every 6 months.[@b20-copd-12-2711] The inclusion criteria were the same as those for the selection of patients with early COPD from the KNHANES database, that is, age ≥40 years and postbronchodilator FEV~1~/FVC \<0.7. Patients who were recruited and registered to the KOCOSS cohort until March 2014 were evaluated. Medical history from patient questionnaires and measurements from the first visit were used as the baseline data. For both groups of patients, data on medical utilization and medical costs from 2007 to 2012 were obtained from the Health Insurance Review and Assessment (HIRA) Service database.

Quality of life and dyspnea score
---------------------------------

For the KNHANES group, the EuroQol 5-dimension (EQ-5D) questionnaire index score was administered to assess the health status of the enrolled patients. EQ-5D values ranged from −0.329 to 1, where 0 indicates a health state equivalent to death and 1 indicates full health.[@b21-copd-12-2711] For the KOCOSS group, St George's Respiratory Questionnaire for COPD patients (SGRQ-C) was used to evaluate the health status from the patient's perspective.[@b22-copd-12-2711] The SGRQ-C is a 14-item questionnaire that can be summed up as a total score and three component scores for symptoms, activities, and impacts. Total and component scores were calculated according to the instruction manual of SGRQ-C.[@b23-copd-12-2711] Dyspnea was evaluated for the KOCOSS group using the modified medical research council (mMRC) dyspnea scale, a 5-point scale in which higher scores reflect more severe dyspnea. The COPD assessment test (CAT) score was also used in the assessment of dyspnea, consisting of 8 items, each scored from 0 to 5, with higher scores indicative of more severe symptoms.[@b24-copd-12-2711]

Medical utilization and cost
----------------------------

To evaluate treatment status of the study patients including frequency of hospital visits and total medical costs per year, we utilized the HIRA database. This database provides details of all of the medications, medical services, and diagnoses for claims made. Data regarding hospital visits, medical costs per person, and medications used by patients were analyzed from this database from 2007 to 2012. Analyses were confined to only COPD-related utilization and cost for all of the medical resource utilization and costs during the 6-year study period. If they were not considered COPD-related, medical utilization and costs were excluded from the analysis. For outpatient services, analyses were confined to visits with the International Classification of Diseases (ICD-10) code of COPD (J43.x--J44.x, except J430) with the prescription of COPD-related medication. For inpatient services, analyses were confined to admission with ICD-10 code of COPD (J43.x--J44.x, except J430) or COPD-related disease (pneumonia: J12.x--J17.x, pulmonary thromboembolism: I26, I26.0, and I26.9; dyspnea: R06.0; or acute respiratory distress syndrome: J80)[@b25-copd-12-2711]--[@b28-copd-12-2711] with the prescription of COPD-related medication. All of the costs are presented in US Dollars (USD) with an exchange rate of 1 USD equaling 1,122.10 Korean won (exchange rate on September 2, 2016).

Ethics statement
----------------

We obtained written informed consent from all of the study patients selected from KOCOSS database. We also obtained ethical approval for the KOCOSS cohort from the ethics committee at each center. The official names of each approving ethics committee have been listed in the Supplementary material. We also received approval from each center to use their subject's clinical records for the study while maintaining confidentiality of the data.

To analyze KNHANES data, we obtained approval from the ethics committee of Konkuk University Hospital. The requirement for informed consent from the patients of this group was waived due to the retrospective nature, and any personal information from the data were removed beforehand. HIRA database were de-identified, and access to the data was acquired after receiving the approval by Korea Centers for Disease Control and Prevention and Health Insurance Review and Assessment, which are both government agencies.

Statistical analysis
====================

Differences between groups were assessed by chi squared test for categorical variables, and the Student's t-test for continuous variables. All tests were two-sided, and *P*-values \<0.05 were considered statistically significant. Data are expressed as mean ± standard deviation (SD). All statistical analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, North Carolina).

Results
=======

Patient characteristics
-----------------------

[Table 1](#t1-copd-12-2711){ref-type="table"} shows comparison of patient characteristics between the two patient groups. A total of 2,172 patients were selected from the KNHANES, and 210 patients were selected from the KOCOSS cohort. The proportion of males was found to be significantly higher in the KOCOSS cohort than in the KNHANES group (89.5% vs 71.2%, *p*\<0.001). There was no significant difference in the mean age between the two patient groups, which was 63.6±11.7 years in the KNHANES group and 62.5±7.8 years in the KOCOSS group. Mean FEV~1~ value was found to be significantly higher in the KNHANES group than that of KOCOSS group (80.9%±12.1% predicted vs 71.0%±9.1% predicted, respectively, *p*\<0.001). For smoking history, the mean value of pack years smoked was found to be 23.9±23.6 in KNHANES group, whereas it was 42.7±23.2 in KOCOSS group, with significant differences (*p*\<0.001). For quality of life and dyspnea score, the two groups of patients were not compared using the same scoring system. The EQ-5D questionnaire index score was used to assess the quality of life in KNHANES group, which was found to be 0.9±0.14. The total SGRQ-C score was used to assess quality of life in KOCOSS group, which was found to be 27.6±15.51. The mean CAT and mMRC scores were found to be 12.6±06.34 and 1.3±0.80, respectively, for the KOCOSS group, and the mean mMRC score was found to be ≥2 in 31.0% of the patients.

Hospital visits
---------------

[Table 2](#t2-copd-12-2711){ref-type="table"} shows medical utilization by both groups of patients. Only 3.6% of the patients with COPD with FEV~1~ value ≥60% from the KNHANES group visited outpatient clinics in 2007, whereas 5.9% of them visited in 2012. Compared to KNHANES patients, 30% of the patients with COPD with FEV~1~ value ≥60% from the KOCOSS cohort visited medical facilities in 2007 and the proportion increased to 87.1% in 2012. The proportion of patients admitted to hospitals was higher in the KOCOSS group than that of the KNHANES group each year. Furthermore, the mean number of outpatient clinic visits by patients who visited the health care center in 2007 was found to be 3.7±4.2, which increased to 4.2±4.2 in 2012 in the KNHANES group. In the KOCOSS group, the mean number of outpatient clinic visits by patients who visited health centers in 2007 was found to be 5.5±3.9, which increased to 6.1±5.0 in 2012 (medical resource utilization specified according to pulmonary functions \[60% ≤ FEV~1~ \<80% and FEV~1~ ≥80%\]), as shown in [Tables 3](#t3-copd-12-2711){ref-type="table"}[](#t4-copd-12-2711){ref-type="table"}[](#t5-copd-12-2711){ref-type="table"}--[6](#t6-copd-12-2711){ref-type="table"}.

Economic burden
---------------

Mean medical cost per person per year for the KNHANES group at outpatient clinics was found to be 113.62±272.80 USD in 2007 and 96.16±168.21 USD in 2012. However, total medical costs per person per year increased from 264.37±663.41 USD in 2007 to 797.00±2,724.21 USD in 2012. For patients with early COPD selected from the KOCOSS cohort, medical costs spent at the outpatient clinics was found to be 110.47±102.76 USD in 2007 and 170.72±211.29 USD in 2012. Total medical costs per person per year increased from 447.08±947.91 USD in 2007 to 856.94±2,284.24 USD in 2012 ([Table 2](#t2-copd-12-2711){ref-type="table"}; [Figure 1](#f1-copd-12-2711){ref-type="fig"}).

Medications use
---------------

[Table 3](#t3-copd-12-2711){ref-type="table"} shows annual changes in medication use. The proportion of patients is defined as the number of patients who received medications divided by the total number of patients who visited hospitals each year. In 2007, only 5.9% of the patients from KNHANES group received long-acting muscarinic agonist (LAMA), which are long-acting bronchodilators that are routinely prescribed for patients with early COPD. This proportion increased to 20.7% in 2012. For patients from the KOCOSS group, 44.4% of the patients were prescribed LAMA in 2007, and the proportion increased to 78.7% in 2012. A combination of inhaled corticosteroid and long-acting beta-agonist inhaler (ICS/LABA) was prescribed to 14.1% of KNHANES patients in 2007 and 20.7% in 2012, whereas 34.9% of the KOCOSS group received ICS/LABA in 2007 and 44.4% received it in 2012. [Figure 2A and B](#f2-copd-12-2711){ref-type="fig"} shows annual change in the proportion of patients who received LAMA, specified according to patient pulmonary function (60% ≤ FEV~1~ \<80% and FEV~1~ ≥80%). [Figure 2C and D](#f2-copd-12-2711){ref-type="fig"} shows the annual change and comparison of use of ICS/LABA.

Discussion
==========

We compared the clinical characteristics and use of medical resources by two groups of patients with COPD with FEV~1~ ≥60%: patients from the KNHANES data based on a nationwide survey and patients from the KOCOSS cohort, which is a multicenter COPD cohort. Our results showed annual changes in medical utilization and medical costs during the study period of 2007 through 2012. Both health care visits and medical costs per patient in the patients with COPD with FEV~1~ ≥60% in Korea increased, as was seen from the two groups of subjects. The proportion of patients who visited outpatient clinics and were admitted to hospitals each year increased in both the KNHANES and KOCOSS groups. Furthermore, total medical costs for COPD treatment and medical costs during admission per patient increased during the study period ([Table 2](#t2-copd-12-2711){ref-type="table"}). This is consistent with previous studies, in that the burden for early COPD management is increasing.[@b1-copd-12-2711],[@b3-copd-12-2711],[@b7-copd-12-2711]

However, a significant difference in the amount of medical utilization and costs between the two groups was also observed. In 2012, proportion of patients who visited outpatient clinics in the KNHANES group and the KOCOSS group showed large difference, which seems to be more evident in the patients with FEV~1~ ≥80% specifically ([Tables 6](#t6-copd-12-2711){ref-type="table"} and [7](#t7-copd-12-2711){ref-type="table"}). We found that the characteristics of patients in these two groups are different. Although we selected patients with relatively good lung function (FEV~1~ ≥60%), the symptom scores differed. KNHANES patients showed few symptoms as an EQ-5D questionnaire index score shows; thus, they rarely utilized health care for COPD. According to the KNHANES 2008 survey, of the 353 subjects who were confirmed to be patients with COPD, only 9 (2.4%) reported being diagnosed with COPD by a physician and 8 (2.1%) reported being treated.[@b16-copd-12-2711] However, patients from the KOCOSS cohort whose SGRQ score was 27.6±15.5 had more symptoms, and as such, were more likely to utilize health care for symptoms from COPD.

The motivations of patients to visit the medical facilities were also different. Patients of the KOCOSS cohort were recommended to visit hospitals at least twice a year regardless of respiratory symptoms and were reminded to visit hospitals by telephone calls. Without such procedures, those patients with early COPD who were not included in the KOCOSS cohort had tendencies to only visit the medical facilities when their respiratory symptoms worsened.

Finally, patients in the KOCOSS group were managed by pulmonology specialists from tertiary hospitals and had a higher chance of receiving COPD treatment according to the GOLD guidelines, while the majority of patients from KNHANES received management from non-pulmonology physicians. Another interesting finding of this study is that, as seen from the KNHANES results, more than half of the patients who visited health care facilities did not receive adequate bronchodilator treatment despite the increase in the proportion of patients who visited medical facilities during the study period. In contrast, more than half of the patients with COPD with FEV~1~ ≥60% in KOCOSS cohort received LAMA ([Table 3](#t3-copd-12-2711){ref-type="table"}).

Based on the previous KNHANES report, 94% of spirometrically diagnosed patients with COPD had mild to moderate disease according to the GOLD criteria, but only 2.1% of patients with COPD received treatment.[@b16-copd-12-2711] Due to the paucity of clinical symptoms such as cough and dyspnea, majority of the patients with early COPD do not visit health care facilities and remain underdiagnosed.[@b29-copd-12-2711] Furthermore, among patients with early COPD who have been diagnosed, only a small number receive appropriate long-term treatment.[@b18-copd-12-2711],[@b19-copd-12-2711]

It is important to detect patients with early COPD regardless of symptoms and provide them with adequate therapy. The annual decrease in FEV~1~ is greater in patients with COPD than in healthy subjects.[@b11-copd-12-2711],[@b30-copd-12-2711],[@b31-copd-12-2711] The frequency of hospitalization as well as the mortality rate both increase as the severity of COPD increases, which increases the economic burden.[@b32-copd-12-2711],[@b33-copd-12-2711] Delaying the decrease in FEV~1~ is a major clinical goal for the long-term treatment of COPD, and several large prospective studies have reported that the early treatment of patients with mild to moderate COPD can reduce mortality and the annual decrease in FEV~1~.[@b12-copd-12-2711],[@b14-copd-12-2711],[@b34-copd-12-2711]

Physicians who encounter potential patients with COPD in a primary care setting should be more aware of detecting early COPD and ought to recommend pulmonary function tests to patients who have a significant history of smoking. The prevalence of COPD based on assessment by pulmonary function tests is higher compared to prevalence assessed from patient reports from questionnaires (9.2% vs 4.9%);[@b29-copd-12-2711] therefore, pulmonary function tests have a higher sensitivity in detecting COPD.

In terms of increasing the proportion of patients with COPD undergoing long-term treatment among patients with early COPD, routine visits to health care facilities are crucial. Based on the KOCOSS cohort, a recommendation by pulmonologists to visit hospitals at least every 6 months has contributed to the high percentage of patients who received LAMA and ICS/LABA ([Table 3](#t3-copd-12-2711){ref-type="table"}). Considering that the majority of patients with early COPD are asymptomatic in a primary care setting, increasing patient compliance with long-term treatment can be a difficult task compared to tertiary hospitals. However, physicians' consistent efforts to recommend routine visits to health care facilities will increase the number of patients with early COPD who receive adequate long-term treatment.

Conclusion
==========

Our results suggest that the use of medical resources and medical costs per patient by Korean patients with early COPD has increased. However, majority of the patients represented by KNHANES group did not routinely visit medical facilities or receive adequate bronchodilator therapies compared to cohort patients who are managed by pulmonology specialists. Asymptomatic patients with COPD with good lung function receive less medical care than symptomatic patients with early COPD, and thus, require more clinical attention from physicians.
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![Comparison of proportions of the patients who use bronchodilators in KNHANES and KOCOSS groups. (**A**) LAMA use in patients with COPD with 60% ≤ FEV~1~ \<80. (**B**) LAMA use in patients with COPD with FEV~1~ ≥80%. (**C**) Comparison of ICS/LABA use in patients with COPD with 60% ≤ FEV~1~ \<80. (**D**) Comparison of ICS/LABA use in patients with COPD with FEV~1~ ≥80%.\
**Abbreviations:** LAMA, long acting muscarinic antagonist; ICS, inhaled corticosteroid; FEV~1~, forced expiratory volume in 1 s; KNHANES, Korea National Health and Nutrition Examination Survey; KOCOSS, Korean COPD Subtype Study.](copd-12-2711Fig2){#f2-copd-12-2711}

###### 

Comparison of baseline patient characteristics between the two groups

  Groups                                 KNHANES        KOCOSS       *P*-value
  -------------------------------------- -------------- ------------ -----------
  Number of patients                     2,172          210          
  Male, n (%)                            1,547 (71.2)   188 (89.5)   \<0.001
  Mean age (years), mean ± SD            63.6±11.7      62.5±7.8     0.052
   \<40                                  78 (3.6)       1 (0.5)      \<0.001
   40--49                                183 (8.4)      9 (4.3)      
   50--59                                416 (19.2)     62 (29.5)    
   60--69                                724 (33.3)     98 (46.7)    
   70--79                                674 (31.0)     39 (18.6)    
   ≥80                                   97 (4.5)       1 (0.5)      
  Body mass index (kg/m^2^), mean ± SD   23.6±2.8       23.8±3.3     0.372
  Smoking history                                                    
   Total pack years, mean ± SD           23.9±23.6      42.7±23.2    \<0.001
   Current smokers, n (%)                690 (31.8)     60 (28.6)    0.665
  FEV~1~ (% predicted), mean ± SD        80.9±12.1      71.0±9.1     \<0.001
  FVC (% predicted), mean ± SD           92.5±12.7      89.5±13.8    \<0.001
  FEV~1~/FVC, mean ± SD                  0.6±0.05       0.56±0.07    \<0.001
  EQ-5D, mean ± SD                       0.9±0.14                    --
  SGRQ-C, mean ± SD                                     27.6±15.51   --
  CAT, mean ± SD                                        12.6±6.34    --
  mMRC scale, mean ± SD                                 1.3±0.80     --
   0, n (%)                                             28 (13.3)    --
   1, n (%)                                             117 (55.7)   
   2, n (%)                                             48 (22.9)    
   3, n (%)                                             16 (7.6)     
   4, n (%)                                             1 (0.5)      

**Abbreviations:** COPD, chronic obstructive pulmonary disease; CAT, COPD assessment test; EQ-5D, EuroQol 5-dimensions; KNHANES, Korea National Health and Nutrition Examination Survey; KOCOSS, Korean COPD Subtype Study; FEV~1~, forced expiratory volume in 1 s; FVC, forced vital capacity; mMRC, modified medical research council; SGRQ-C, St George's Respiratory Questionnaire for COPD patients.

###### 

Annual change in medical resource utilization by patients with early chronic obstructive pulmonary disease

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                 KNHANES\            KOCOSS\                                                                                                                                                                                                 
                                                                 (N=2,172)           (N=210)                                                                                                                                                                                                 
  -------------------------------------------------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- --------------------
  Percentage of patients who visited outpatient clinics, n (%)   79 (3.6)            108 (5.0)           93 (4.3)            110 (5.1)           132 (6.1)           128 (5.9)           63 (30.0)           75 (35.7)           90 (42.9)           109 (51.9)          133 (63.3)          183 (87.1)

  Percentage of patients admitted to hospitals, n (%)            9 (0.4)             10 (0.5)            7 (0.3)             15 (0.7)            16 (0.7)            25 (1.2)            13 (6.2)            15 (7.1)            15 (7.1)            23 (11.0)           25 (11.9)           35 (16.7)

  Number of outpatient clinic visits, mean ± SD                  3.7±4.2             3.7±4.2             4.1±4.8             4.3±4.3             4.4±9.0             4.2±4.2             5.5±3.9             6.0±4.0             5.9±5.2             5.9±3.9             6.2±3.7             6.1±5.0

  Duration of admission (days), mean ± SD                        9.8±7.1             15.7±14.0           10.7±8.8            20.0±22.4           16.3±17.2           18.0±21.3           20.3±23.1           21.7±27.5           13.6±10.8           16.3±17.4           11.8±11.3           16.0±16.9

  Medical costs at outpatient clinics (US dollars), mean ± SD    113.62±272.80       114.43±287.23       106.87±155.82       124.11±193.89       109.24±193.94       96.16±168.21        110.47±102.76       140.57±144.81       199.83±279.95       155.60±222.29       190.21±311.85       170.71± 211.29

  Medical costs during admissions (US dollars), mean ± SD        1,272.23±1,561.32   2,084.82±1,924.32   1,638.63±1,752.97   3,912.00±5,579.82   2,854.97±3,040.20   3,970.85±5,458.71   1,872.03±1,495.38   2,570.05±2,907.29   2,755.90±3,224.60   2,609.16±2,843.64   2,601.17±2,113.54   3,636.97± 4,004.14

  Total medical costs (US dollars), mean ± SD                    264.37±663.41       296.49±866.17       225.36±625.23       612.99±2,333.38     438.68±1,416.89     797.00±2,724.21     447.08±947.91       564.99±1,330.57     631.10±1,626.80     681.16±1,688.13     669.09±1,411.51     856.94± 2,284.24
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** KNHANES, Korea National Health and Nutrition Examination Survey; KOCOSS, Korean COPD Subtype Study; SD, standard deviation.

###### 

Comparison of medication usage for chronic obstructive pulmonary disease

  Inhaler             KNHANES     KOCOSS                                                                                                                  
  ------------------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ------------
  ICS, n (%)          6 (7.1)     3 (2.7)     5 (5.2)     3 (2.5)     6 (4.4)     14 (10.0)   5 (7.9)     5 (6.7)     4 (4.4)     9 (8.3)     15 (11.3)   17 (9.3)
  ICS + LABA, n (%)   12 (14.1)   16 (14.3)   16 (16.7)   19 (16.1)   29 (21.2)   29 (20.7)   22 (34.9)   33 (44)     42 (46.7)   58 (53.2)   69 (51.9)   81 (44.3)
  LAMA, n (%)         5 (5.9)     13 (11.6)   11 (11.5)   18 (15.3)   25 (18.2)   29 (20.7)   28 (44.4)   41 (54.7)   57 (63.3)   76 (69.7)   99 (74.4)   144 (78.7)
  LABA, n (%)         0 (0)       0 (0)       0 (0)       0 (0)       0 (0)       0 (0)       0 (0)       0 (0)       0 (0)       0 (0)       0 (0)       1 (0.5)
  SABA, n (%)         14 (16.5)   10 (8.9)    10 (10.4)   20 (16.9)   19 (13.9)   31 (22.1)   17 (27.0)   16 (21.3)   20 (22.2)   33 (30.3)   34 (25.6)   57 (31.1)

**Abbreviations:** KNHANES, Korea National Health and Nutrition Examination Survey; KOCOSS, Korean COPD Subtype Study; ICS, inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting muscarinic agonist; OCS, oral corticosteroid; SABA, short-acting beta agonist.

###### 

Annual change in medical resource utilization by patients with 60% a agoni \<80% (KNHANES)

                                                                 Year (N=1,097)                                                                                   
  -------------------------------------------------------------- ---------------- ------------------- ------------------- ------------------- ------------------- -------------------
  Percentage of patients who visited outpatient clinics, n (%)   50 (4.6)         65 (5.9)            63 (5.5)            73 (6.7)            87 (7.9)            85 (7.7)
  Percentage of patients admitted to hospitals, n (%)            5 (0.5)          7 (0.6)             6 (0.5)             10 (0.9)            10 (0.9)            17 (1.5)
  Number of outpatient clinic visits, mean ± SD                  3.6±3.2          3.75±4.4            4.4±4.6             4.7±4.6             4.1±4.2             4.7±4.4
  Duration of admission (days), mean ± SD                        9.4±6.8          13.3±10.3           12.3±8.4            23.5±25.7           15.5±20.3           12.9±15.4
  Medical costs at outpatient clinics (US dollars), mean ± SD    73.62±113.00     85.08±99.80         99.80±92.82         128.76±211.18       94.18±118.79        83.84±91.73
  Medical costs during admission (US dollars), mean ± SD         747.53±551.20    1,761.90±1,372.04   1,872.12±1,797.10   5,325.83±6,455.35   2,645.10±2,777.61   3,546.47±5,249.35
  Total medical costs (US dollars), mean ± SD                    139.97±301.78    258.89±681.34       269.47±754.42       847.73±2,934.65     396.05±1,258.14     786.23±2,691.79

**Abbreviations:** FEV~1~, forced expiratory volume in 1 s; KNHANES, Korea National Health and Nutrition Examination Survey; SD, standard deviation.

###### 

Annual change in medical resource utilization by patients with 60% a agoni \<80% (Korean COPD Subtype Study)

                                                                 Year (N=179)                                                                                        
  -------------------------------------------------------------- ------------------- ------------------- ------------------- ------------------- ------------------- -------------------
  Percentage of patients who visited outpatient clinics, n (%)   52 (29.1)           59 (33.0)           77 (43.0)           94 (52.5)           116 (64.8)          156 (87.2)
  Percentage of patients admitted to hospitals, n (%)            13 (7.3)            12 (6.7)            11 (6.1)            20 (11.2)           21 (11.7)           30 (16.8)
  Number of outpatient clinic visits, mean ± SD                  5.3±3.6             6.1±4.2             6.0±5.4             5.9±4.0             6.1±3.1             5.8±3.9
  Duration of admission (days), mean ± SD                        15.1±14.1           18.2±22.8           14.8±12.1           15.9±17.7           12.7±11.9           16.0±17.8
  Medical costs at outpatient clinics (US dollars), mean ± SD    117.59±108.66       138.54±134.18       193.20±269.52       156.34±223.35       185.29±309.99       165.84±208.39
  Medical costs during admission (US dollars), mean ± SD         1,754.59±1,497.93   2,668.02±3,209.81   3,083.21±3,696.50   2,308.39±2,604.22   2,828.40±2,212.78   3,376.58±3,628.62
  Total medical costs (US dollars), mean ± SD                    468.44±958.73       644.66±1,709.80     617.61±1,721.88     621.06±1,545.55     685.51±1,484.27     804.86±2,061.49

**Abbreviations:** FEV~1~, forced expiratory volume in 1 s; COPD, chronic obstructive pulmonary disease; SD, standard deviation.

###### 

Annual change in medical resource utilization by patients with FEV~1~ s80% (KNHANES)

                                                                 Year (N=1,075)                                                                                
  -------------------------------------------------------------- ------------------- ------------------- --------------- ----------------- ------------------- -------------------
  Percentage of patients who visited outpatient clinics, n (%)   29 (2.7)            43 (4.0)            33 (3.1)        43 (4.0)          47 (4.4)            50 (4.7)
  Percentage of patients admitted to hospitals, n (%)            4 (0.4)             3 (0.3)             1 (0.1)         5 (0.5)           6 (0.6)             8 (0.7)
  Number of outpatient clinic visits, mean ± SD                  4.0±5.5             3.7±3.9             3.4±5.2         3.7±3.9           5.0±14.0            3.4±3.7
  Duration of admission (days), mean ± SD                        10.3±8.5            21.3±22.4           1.0±0.0         13±13.4           17.5±12.1           28.8±28.5
  Medical costs at outpatient clinics (US dollars), mean ± SD    182.59±420.94       158.80±437.78       135.28±229.42   116.89±254.64     136.48±283.14       115.38±243.92
  Medical costs during admission (US dollars), mean ± SD         1,928.11±2,250.13   2,838.30±3,130.42   237.74±0        1,084.34±466.41   3,204.76±3,688.68   4,872.67±6,149.12
  Total medical costs (US dollars), mean ± SD                    406.48±997.04       356.82±1,106.88     142.48±229.13   232.18±381.42     512.86±1,668.84     813.64±2,798.47

**Abbreviations:** FEV~1~, forced expiratory volume in 1 s; KNHANES, Korea National Health and Nutrition Examination Survey; SD, standard deviation.

###### 

Annual change in medical resource utilization by patients with FEV~1~ 80% (Korean COPD Subtype Study)

                                                                 Year (N=31)                                                                                   
  -------------------------------------------------------------- --------------- ------------------- ------------------- ------------------- ----------------- -------------------
  Percentage of patients who visited outpatient clinics, n (%)   11 (35.5)       16 (51.6)           13 (41.9)           15 (48.4)           17 (54.8)         27 (87.1)
  Percentage of patients admitted to hospitals, n (%)            1 (3.2)         3 (9.7)             4 (12.9)            3 (9.7)             4 (12.9)          5 (16.1)
  Number of outpatient clinic visits, mean ± SD                  6.1±5.1         5.5±3.6             5.7±3.8             5.7±3.2             7.1±6.4           7.7±8.9
  Duration of admission (days), mean ± SD                        --              36.5±45.6           10.3±5.9            19.0±18.3           7.3±6.2           15.8±11.4
  Medical costs at outpatient clinics (US dollars), mean ± SD    76.80±61.19     148.06±183.75       239.13±345.34       150.94±223.14       223.76±332.03     198.85±229.48
  Medical costs during admission (US dollars), mean ± SD         --              2,178.20±1,487.49   1,855.80±1,226.44   4,614.26±4,193.46   1,408.19±913.56   5,199.31±6,104.26
  Total medical costs (US dollars), mean ± SD                    343.85±926.93   556.48±1,179.98     702.13±1,027.16     1,073.79±2,461.20   555.10±749.98     1,161.69±3,339.27

**Abbreviations:** FEV~1~, forced expiratory volume in 1 s; COPD, chronic obstructive pulmonary disease; SD, standard deviation.
